Food Deficiencies as a Factor influencing the Calcification and Fixation of the Teeth.' By F. M. WELLS, Major, C.A.M.C.
The atiology of beri-beri is well. understood to-day, but as this disease is not endemic in this country and rarely occurs in infants, and as far as I know causes no dental disease, it is not to our interest to discuss it here to-night.
Thrush or " sprue " is interesting to dentists, but as yet I know of no scientific work done on this disease.
Scurvy is not a new disease, as some people are led to believe. A description of scurvy is to be found in the narrative of the campaign of the Christian Army in Egypt under Louis IX, about the year 1260. The historian of that crusade was not only eye-witness of the disease in others but was himself attacked by it. He speaks of the debility and tendency to swoon, black spots on the legs, bleeding from the nose, and the livid and spongy condition of the gums, &c. The barbers used to go around trimming the gums of the sufferers. Scurvy has unquestionably existed in the north of Europe from the most remote antiquity. That we have no mention of it in the early,history of the northern nations must be imputed to the ignorance of the people, especially as regards medicine.
Well'-marked, so-called florid, scurvy among infants was not an uncommon occurrence about the period 1875-1900, when artificial feeding was popular and patent foods were enthusiastically adopted. At the present day it is probable that mild incipient scurvy is more common than is usually believed. This condition is solely due to the rapid increase of artificial feeding of infants.' Obscure though the exact aetiology of infantile scurvy may be, it is probable from clinical facts that this affection arises fromn causes distinct from those that produce rickets. Almost all that is known of the pathology of scurvy amongst infants is due to the investigations of Sir Thomas Barlow and Professor Still, of the Great Ormond Street Children's Hospital, London.
In ad'tlt scurvy we have conclusive proof that the prolonged deprivation of fresh vegetables, or their equivalent, is certain to bring about a scorbutic condition. We are also sufficiently familiar with the fact that 'proprietary infant foods do not contain the accessory factors that are necessary to prevent scurvy. It has been demonstrated experimentally that those accessory factors which prevent scurvy are contained in human milk and in the milk of the cow, but not in large quantities, and they are destroyed by the process of heating to a degree dependent on the time and temperature of heating. It is clear then, and fair to say, that the further we get from a natural food which is consumed in the raw condition, like the mother's milk, the more frequent will be tha risk of the disease. Dried milk contains less of the antiscorbutic factor than raw milk.
The age at which we should be on the qui vive for the initial symptoms of scurvy, is about the eighth month of infantile life. It is exceptional for the symptoms to appear earlier. This point is of considerable importance in diagnosis. Professor Still's clinical picture of the fully-developed.disease is striking enough; an infant which has been fed upon one of the patent foods, with or without milk, or on milk which has been condensed, sterilized, orotherwise altered, has been ailing for some weeks, has taken food badly and probably lost weight. Moreover, the mother says it cries whenever it is touched, and, as she puts it, " has lost the use of its limbs." The infant is pale, it lies quiet perhaps until it is approached, when it cries out in obvious dread of being touched; the legs lie motionless, usually with the thighs slightly abducted and averted and the knee slightly flexed; the arms are less often affected. There may be some swelling-of part of one or other of the limbs, obliterating the natural curves. Any handling of the affected limbs causes a piteous cry, evidently of acute pain.
If teeth are present the gums around them are swollen and purple, occasionally projecting like a mass of granulations almost completely hiding the teeth, and bleeding readily when «touched. The urine is perhaps smoky, if not red with blood. Such in outline is the characteristic picture of infantile scurvy.
Rickets is believed to be a disorder of nutrition, and as such affects the whole system. The bone changes are only part of a general disease. The child may suffer severely and yet show so slight a degree of rachitic change in the bones that if only the osseous system were considered the disease might almost pass unnoticed. The temperature is normal, even during the most active stage of the disease. A rise in temperature is almost always due to some complication. There is little to be said in favour of an infective origin. Rickets amongst children in the British Isles has grown to a very alarming state. From 50 per cent. to 80 per cent. in London clinics show signs of rickets to a more or less marked degree. It is found in the Dominions to a less extent, but it is quite common.
Symptoms.-Delayed dentition is one of the most constant symptoms. It was found in thirty-two out of forty-two consecutive cases of rickets between nine months and three years old. Frequently no teeth have appeared at the end of the first year. Rarely their appearance is delayed beyond the period of eighteen months. If dentition has begun before the onset of rickets, it is often arrested for several months. There is a striking tendency to very early caries; even before the tooth is fully cut the enamel at the cutting edge is often completely destroyed. Amongst other symptoms and signs are sweating of the head during sleep; large protuberant abdomen; reluctance or inability to stand, which makes the child late in learning to walk; the softness of the bones and ligaments, which makes the bones bend and the joints yield, with resulting bandy-leg, knock-knee, or other deformity, stooping curve of the spine; large size of the head, Wvhich is square shaped, with all the tendency to convulsive disorders and to catarrh of the respiratory and alimentary tract, adenoids, chest affections, indigestion, &c. The most prominent symptoms, no doubt, are those that affect the bones, but in rickets there is a general disturbance of metabolism and its effects are not limited to any one tissue of the-organism. Until a cure is effected the disease prevents satisfactory nutriti,on of the bones and teeth, stunts and deforms the bones of the face and jaws, &c.; and the damaging results are in evidence throughout the whole of the patient's life, even after recovery from the disease itself. This' great affliction, which appears to become more common every day, if not altogether prevented, can easily be remedied, if the baby is started from the outset on a proper diet, which is the mother's milk and which every baby needs. If the conditions are such that the baby is prevented from getting its proper diet and has to be artificially fed, too much care cannot be exercised in watching its progress for the first eighteen months, especially in regard to the weight of the infant. The early stages of scurvy and rickets are almost impossible to diagnose and a baby that has to be fed on an artificial diet should never be allowed the use of a teat or "dummy" as the diseased condition of the bones, caused by imperfection in nutrition, with constant suction of a " dummy," will rapidly produce badly developed jaws and nose, followed by adenoids, nasal obstruction, irregular articulation of the teeth, mouth breathing, and the whole train of evils to which, this condition gives rise. It is important that a baby's weight should be kept normal. Rickety babies usually appear to be fat. If the disease is to be checked before serious harm is done to the child, the early signs must be recognized as soon possible. The first symptoms appear in pain from teething. (Painful teething in children is just as much a disease as any other baby ailment.) The second symptom is late dentition. (Every baby should have at least two teeth between the sixth and seventh month.) If the child shows these signs rickets should be suspected. It is amazing that these evils are known to exist, and it has been pointed out that they are due solely to improper diet, and yet medical men will allow mothers, who are quite capable of suckling their infants, to feed them on artificial foods and so deprive the infant of its heritage. Perhaps the fault lies in not having absolute scientific evidence to show that a faulty diet is the direct cause of improper fixation and calcification of the hard tissue. Now we will take up some of the most important theories that have been advanced during the past fifty years, as to what is the cause of the rapid increase of tooth decay. Miller's "chemico-parasitic theory," which accounts for the phenomena of caries of the teeth, does not explain the rapid progress made in the increase of dental caries accompanying civilization in the past hundred years. In view of the fact that the incidence of dental caries has been greatly on the increase especially in the past fifty years, it would seem obvious that our present mode of treatment of dental caries has been radically wrong, that the judgment of time and experience have alike condemned it, and that such measures as are now in vogue have proved futile to arrest the progress of what has become the most prevalent disease of civilized communities.
Heredity.-I have no intention, for I have not the necessary knowledge, to express an opinion on heredity. The only information that is at our disposal in regard to this theory is statistics of family history, which appear to throw very little light on the subject. Chemical analysis of our teeth has yielded us so far little or no information, and biochemistry is, as yet, still in its infancy.
To what extent do " vitamines " affect the enamel ? We do not, at present, know how far differences in their action may modify the rest of the tooth, but the connexion which appears to exist between the enamel and the odontoblastic cells is direct; if this is not so I should call it an "inborn error of metabolism." I know that I shall be severely criticized-by my friend Mr. Mummery, and very generally by all of the leading dental anatomists, who state, as I understand it, that when the enamel is once formed it is formed for good, but strong reasons have convinced me that this belief is not based on such sure grounds as is generally supposed. I made a trip to Scotland last month with a view to studying the diet conditions in the Highlands and Lowlands. I have always been led to believe that the Highland Scotch had better bones than are to be found in any part of the British Isles, and I thoroughly believe they have. This is largely'accounted for by their simple diet of natural foods. Up to a few years ago the Highlanders' meals were very simple.
Their breakfast consisted of brose at 6 a.m. Brose is made by pouring boiling water over oatmeal, stirring all the time, and adding a little salt. It was eaten with milk, syrup or treacle, with some butter. The next meal was between 11 and 12 o'clock, which consisted of potatoes and salt herring. No bread was eaten, but for the second course a bowl of milk and a piece of oatcake were taken. This was a universal dinner all through the North of Scotland. The next meal was at about 6 p.m. Again brose, but as a. variation it was made with boiling milk, instead of boiling water. Between the mid-day meal. and supper a glass of milk was taken, and in later years tea came in. The only variation from this diet was on Sundays. Breakfast was usually later and dinner, which consisted of boiled cabbage and turnips, was served after church. For supper on Sunday there were boiled potatoes and fresh fish, and sometimes pork, but the pork was very sparingly used, as one pig had to last a family for the wvhole of the winter. Beef was rarely eaten.
Rickets is unknown to Dr. Bremner, of the Department of Public Health for the County of Sutherland. He told me there has not been a case in his district. He also stated that the proportion of artificiallyfed infants wa; practically nil. A mother looked upon it as a disgrace if she was unable to feed her child, and it is only recently there has been a small amount of hand feeding in the coast towns where the women are compelled to hawk their fish and render other duties, which make it impossible for them to breQst-feed their children, but away from the coast there is practically no artificial feeding.
A remarkable thing among the old type of fishermen to-day is that there is hardly any decay in the teeth of men of 70 to 80 years of age, but the young generation has quite a' considerab-le number of decayed teeth.
The following is a little incident which I would like to relate. I happened to call on a very intelligent old lady, aged 81, and after a short conversation with her relating to the subject of my trip, she immediately told me that the curse ofthe Highland Scotch to-day is tea. All the crofters or poor farmers keep the teapot going from morning until night, and are sipping tea all day long. I remarked that she had a very good set of teeth, and she told me that she had lost one tooth through an accident, and that she had never had a toothbrush in the house. I might state here that a toothbrush was hardly ever known among the last generation' of the Highland Scotch. However, I will refer to the toothbrush and its uses later" on.
Dr. Bremner gave me a large amount of valuable information in regard to his examination of the men for the Army and Navy from his district. He found that all the men over 20 years of age and up to 45 had exceptionally good 'teeth; as they advanced in years their teeth showed wear but no decay, but there was a vast difference in the teeth of the men under 20 years of age. I asked him what he thought it was due to, and he said he thought it was due to nothing else except to the rapid change in the diet. He also stated that there is an increase in tuberculosis, due to the same cause. The crofters are taking to artificial foods and discarding the natural foods. The oatmeal 'and potatoes are being exchanged with the grocers for white bread, jam, syrup, and tea. These are all less valuable foods as regards content of accessory factors. I was told by one Public Health Officer in the Highlands of Scotland that there are a great many families at the present time who make two meals a day off bread and jam or treacle, that their mid-day meal consists of potatoes and fish, and that this class have become inveterate tea drinkers.
What a different condition presents itself in the Lowlands. I found in the Clyde district a different type of Scotchman altogether. The great reason for this is, to my mind, the diet of more refined foods. The people are better housed, and sanitary conditions are better than in the North. Rickets and scurvy in the infant are as bad in this district as in any part of the British Isles, and they have left their mark on the older generation. Nearly every person is wearing false teeth, or presents a row of decayed teeth when the mouth ifs opened.
THE USE OF THE TOOTHBRUSH AND ANTISEPTICS IN THE MOUTH.
Has oral prophylaxis been a success as a preventive against tooth decay ? Our great army of dentists and teachers all over the civilized world are recommending the diligent use of the toothbrush. One dentist that I know conceived the idea that he could prevent his patients' teeth from decaying altoaether by oral prophylactic measures. His method was to get his patients to come to his office as often as he thought desirable, once a week or once in two weeks, &c., and thoroughly cleanse all the interproximal spaces. This kind of practice did not last long, as the cavities were multiplying so rapidly that he had either to send his patients to another dentist or return to his general practice. He decided on taking no chance of losing his patients, so he went back to his general practice.
No, I do not believe the toothbrush ever prevents tooth decay. If the enamel will not resist the action of the fluids of the mouth, the toothbrush will not prevent the onset of decay on the, surface of the -teeth or in the in,terproximal spaces. It has been found that mouths that are immune to decay very often harbour a greater number of fermentative bacteria than do the mouths of patients where decay is rampant. The plain fact is, that the toothbrush is a dangerous germ-ridden instrument, which it is impossible to sterilize. It cannot be boiled, and we have no disinfectant which would render it aseptic and not leave it unfit for further use.
On my way back from Jena to Canada in 1904, I called on my old friend Mr. Gilmour in Liverpool, and I was telling him about some experiments that I had made during the summer with different toothpastes and washes that are in general use. I showed him my, results and told him how short a period the antiseptic properties of these washes would last, and of the increased growth of bacteria over the normal within a few hours' time, due to the destructive effect of the tooth-pastes and washes on the delicate -mucous membrane of the mouth, causing an impaired condition of the natural resistance and thereby intensifying the growth of bacteria. In no case did the antiseptic action last over fifteen minutes. He then told me that he had been watching the results of different patients of his upon whom h'e could rely as being. very careful to cleanse the mouth out regularly, and that frequently tl.ey had an increased amount of work to be done over the previous year. On turning up his records I found some of his patients to whom he ww referring were using the same pastes and washes with which I had experimented.
For our own comfort we are bound to keep the toothbrush in use, but it is not going to prevent tooth decay. Tartar has never decayed teeth; on the other hand, in numbers of cases it has, I believe, saved them from decay. If you gather records of conditions of the teeth extending over a large area, you will always find the least decay where the toothbrush is not in use, and this hes been my universal experience.
We have, therefore, to look to some other source to find the true cause of tooth decay, and I think it can -usually be traced to the improper diet of the child in infancy.
Antiseptic Washes.-The conception which prevails generally among medical and dental practitioners in regard to the use of antiseptic washes in the throat and mouth is singularly confusing and confused. It is credited by them with consistent and often contradictory attributes, so great is the lack of clearness and precision in scientific work on this subject, when it approaches this topic, which has so weighty a bearing on our daily work. I began to despair of ever being able to get an antiseptic wash th"at we should be able to use on such a delicate structure as the mucous membrane of the mouth and throat; but through the work of Dr. Browning (of the Bland-Sutton Institute) on flavine, we have now a' wash that will act as a good antiseptic, without causing irritation, and its retentive ppwers are such that it keeps down the bacterial flora for hours, instead of a few minutes.
EXPERIMENTAL. The following account is quoted from the paper by Zilva and Wells, now in course of publication by the Royal Society. The report is based on histological work carried out on the teeth and jaws obtained from considerably over 100 animals.
Method of Investigation.-For the purpose of this inquiry the lower incisor and molar teeth of the guinea-pig were chosen. As in all rodents, these teeth grow from persistent pulp and are never shed. The teeth while still in situ in the lower jaw were decalcified and sections made in an antero-posterior direction, parallel to the long axis. In advanced cases qf scurvy the teeth were apparently sound, but useless, inasmuch as they.had been loosened by the gradual absorption of the cement membrane of the alveolar sockets, which had left that portion below the neck exposed. As a result there must have occurred that peculiar periostitic pain, or something analogous, which follows in the case of human patients who are suffering from shrunken alveoli. These teeth presented, in addition, all the appearance of the changes of senility. A great number of longitudinal and transverse sections suitable for microscopic examination 'v4ere obtained. The revelations offered by these sections are of a particularly interesting nature. Note the fine line of the dentine and odontoblastic cells in figs. 1 and 2 of normal teeth as compared with figs. 3 and 4, which show sections of teeth from animals suffering from scurvy. Figs. 1 and 2 are of a normal tooth and give one'the opportunity of studying the histology and histo-pathology of the dental pulp in its normal relationship to dentine. The enamel is not quite as heavy as in the natural tooth on account of the decalcifying process which has reduced it to -about half its thickness, but it gives one an excellent example of the typical appearance of the blood-vessels in relationship to the dentine, the fine cellular tissue and odontoblastic cells when in a normal condition. Figs. 3 and 4 . It is obvious that the term "fibrosis," or fibroid degeneration, is the only-one which can with certainty be applied to this particular form under notice. There is no doubt 'that it is a specimen of degeneration and it is equally easy to eliminate those other degenerative varieties, such as the mucous, calcareous or fatty, which animal tissues may undergo.
The present instance affords an opportunity of examining certain structural metamorphoses in the pulp, which are believed not to be dependent on any inflammatory condition, but simply attendant on and produced by altered metabolism or constitutional cbanges, due to the diets.
Minute descriptions have been published of pulp nodules, calcareous pulps, and elaborate work on ulcers and tumours connected therewith, but this affection seems to have been unknown or overlooked by the pathologists both in Europe and America. In no case does one find the condition, as depicted in fig. 3 , brought about by a dietetic experiment. It is evident in this picture that in complete pulpous fibrosis no cellular elements of any description occurred. It is clear at once, and it is an important fact, that no trace of cellular organization, no trace of cell nuclei, no trace of interstitial cement substances can be found anywhere. Netves, cells, blood-vessels and odontoblasts have all shared the process of fibrification and are no longer recognizable. The fine cellular connective tissue, which is but a loose mass of network in the normal stfate, has either become grossly hypertrophied or quite obliterated and its place taken by a new structure, firm and fibrous, devoid of cells, nuclei, or any regular arrangement of constituted parts. Figs. 3 and 4 show an advanced state of scurvy. The irregular osteoid condition of the dentine is well mnarked and the different refractive appearance of the dentine is probably due to the hemorrhagic condition of the dentina, fibrils. In a scurvy tooth the condition persists right up to the apex of the root; the trouble at first appears to start in the odontoblastic cells at the top of the pulp, working towards the apex, followed by distended blood-vessels and hamorrhage, then complete fibroid degeneration follows.
With the object of obtaining some insight into the condition of the teeth of pregnant guinea-pigs, I placed eight pigs, which were in a more or less advanced state of pregnancy, on a scorbutic diet, to study the biological relation existing between the mother and offspring.
Two of the guinea-pigs that were used for this experiment were in the early stages of pregnancy, the remaining six being in an advanced state.
The diet given, in each case, qonsisted of autoclaved milk, oats and bran.
The pigs which were in the early stages of pregnancy died on the eleventh and thirteenth day-respectively, and death from intestinal infection was suspected. Microscopical sections were made of the embryos of both pigs, but on account of the haemorrhagic condition and the very early stage of pregnancy, nothing could be discovered. The six pigs that were in an advanced state of pregnancy all dropped their young at various stages of the experiments, from eleven to fifteen days. Microscopical sections, were made of the teeth of the mother and offspring and in every case an advanced state of scurvy could be seen.
This work has yet to be carried out more extensively, and hence it is a little premature to make a positive statement, but the indications lead me to believe that during pregnancy guinea-pigs are more susceptible to scurvy than when in a normal condition.
For the past four months I have been working on rickets, but my great difficulty has been to obtain material for histological work. Advanced cases of rickets are not so common now as they were froin 1890-95, when artificial feeding of infants was at its height, and when less was known of the contents of artificial foods. To-day if a child enters a hospital and rickets is diagnosed, a cure is brought about in a very short time, consequently material to be' had from infants for histological work is very rare indeed. Mr. Sidney Spokes kindly gave me some old specimens and from these I made a great many sections, which lead me t9 believe there is a great change taking place in the enamel organ. These sections are not sufficiently clear for me to exhibit here, as the material, from the jaw of a child 8 to 9 months old, is very old and the sections I have made are very poor, but the results are sufficient to show that the enamel cells are greatly deranged. Mr. Spokes has lent me his sections which he made from the same specimen when be first obtained it a few years ago and which is exhibit No. 9. This work is to be further developed and I expect within a very short time to have a considerable amount of material to work with. The teeth were all decalcified in a solution containing 40 per cent. formaldehyde, 30 per cent. formic acid, and 20 per cent. distilled water. This is rather a slow process, but I found it gave better results than the more rapid method. The rapid method which I used was to decalcify with phloroglucin and nitric acid. This process will give very quick results but is not so efficient as the slower method. After the decalcification was complete, sections were cut by freezing in gum and then staining with Ehrlich's acid haematoxylin and eosin was carried out.
Throughout the whole of the experimental work the earliest alteration t6 be noticed takes place first in the odontoblastic cells, in the upper part of the pulp, the decalcification gradually working down to the apex; it is followed by dilatation of the blood-vessels and haemorrhage.
CONCLUSIONS.
That scurvy does affect the pulp of teeth is indisputable. It is not a theory but an absolute fact, a doctrine in the true sense.
Records that have been made of patients' mouths during the eruption of the second dentition, in regard to the decay of the teeth, must be very unreliable. How many in this room could give a proper record of their diet even for three days, if asked to do so ? I venture to say there are very few who could state everything they had eaten for three days, or twelve meals, including tea.
The dentists who are working in infants' and children's hospitals are the most fortunately placed to get reliable information for records that would be of great assistance in studying the development of the first dentition from a dietetic point of view. But this work, like all other medical research, has to be carried out on animal life, if scientific results are to be obtained, and work that is carried on with animals that are always kept in cages and carefully watched and given a certain diet, is bound to give a definite result, if the experiment is repeated often enough. We have used considerably over 100 animals in work on this experiment. I am obliged to confess that twelve years ago when I published my first article on the effect of artificial light on infants in regard to the calcification of the teeth, I certaiAly thought that it played a much more important part than the diet. It was while I was arranging my .work to carry on research still further with the artificial light that I was attracted by the work that was being done on scurvy in the Lister Institute. After having examined the teeth of several animals that had been fed on a scorbutic diet, I found the pulp Qf the teeth was affected, even before any clinical symptom appeared in any other part of the system.
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To Dr. P. P. Laidlaw, of Guy's Hospital, I wish to express nmy gratitude for rnuch useful advice and help in the histological work, and to Mr. F. Martin Duncan for the pains and skill taken with the photomicrographs.
DISCUSSION.
Major H. P. PICKERILL: There are several points in Major Wells's paper open to criticism. First, Major Wells has not recorded the conditions of the experiments performed be showed effects without stating,causes or supposed causes. In all experiments on animals it is vital to keep the conditions as free from artificiality as possible. Secondly, there are no means of knowing that the sections shown are all from the same level in corresponding teeth, neither were controls sufficiently shown or insisted upon. In rodents' teeth where pulp degenerations occur normally these are extremely important points. Thirdly, degeneration of the pulp has no bearing whatever upon the problem of immunity to caries: the whole fight takes place PA the surface of the enamel and Major Wells, apparently, has not examined the enamel surfaces. Fourthly, I suggest that the whole problem of scurvy is really one of oral toxaemia due to feeding upon salivary depressants. And lastly, I should like to know whether Major Wells has carried out certain control experiments which I suggested to him and his colleagues at the Lister Institute some months ago, because without such controls the value of the work done must be much decreased.
Mr. SIDNEY SPOKES: The interesting work of Major Wells goes to show that in addition to the general symptoms of scurvy and rickets due to a "scorbutic" diet he has found that the pulps of the teeth are affected similarly to the other tissues. An article in the present number of the British Medical Journal1 dealing with rickets occurring in puppies reminds me of a litter I dealt with many years ago when breeding bull-dogs. One was sent to a country butcher and had the advantage of running free and probably also a liberal diet. The others were restricted to a garden and the streets of a town, and although carefully fed with meal, milk, &c., became affected with the marasmic condition alluded to in the article mentioned, and died. The country bull-dog was then brought back in excellent condition but ultimately shared the same fate. The microscope section alluded to by Major Wells is one prepared by the Weil process over twenty years ago from the maxilla of a child eight or nine months old described as rickety. The tip of the temporary incisor is erupting through the gum and the developing permanent incisor is in situ in its crypt beneath. I thought that the forming enamel in the latter might show some signs of the hypoplasia which gives rise to the ridges found on such permanent teeth, and in the specimen there are indications of "spaces" in the forming enamel picked out by the infiltration of the Paton, D. Noel (and others), Brit. Med. Joitrm., December 7, 1918, p. 625. perchloride of mercury used in preparing the material. The question of dietetics and of environment in the causation of rickets seems to be still unsettled, but Major Wells's paper is a valuable contribution to the discussion, and his unorthodox remarks on "dental decay" and other points provide material for criticism. Major F. M.' WELLS (in reply): First, all the experimental animals were maintained on a scorbutic diet, which consisted of bran, oats and water, or bran, oats and autoclaved milk. Scurvy is so well understood to-day that it can be produced in animals which are kept in cages, by omitting all antiscorbutics from the diet and the animals can be brought back to normal condition again at 'will, by administering the accessory food factor that is required. Secondly, the specimens shown were taken from a selection of over ten thousand sections cut, three thousand of which were mounted and examined, and the sections shown of each condition were typical of the results obtained of the pulp throughout. Thirdly, I believe that the pulp has a direct bearing upon the immunity to caries, as I stated in my paper, and it has all to do with the surface of, the enamel in regard to the resistance of oral fermentation. Fourthly, the theory relating to scurvy put forward by Major Pickerill is an altogether new one. Lastly, Major Pickerill asked Dr. Zijva, who, was carrying out the dietetic work of my experiments, if he would also undertake some experiments with salivary excitants. This was not done, as salivary excitants had no connexion whatever with the work we were doing and I do. not believe that they have anything to do with the prevention of decay. This is one of the oldest theories and was promulgated by my father fifty years ago.
